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Abstract 
Comparison of Primary Stability of 
Tapered and Parallel Walled Implants  
in Poor Quality Bone: An in vitro study 
Christopher R. Resnik, DMD 
University of Pittsburgh, 2020 
ABSTRACT 
Objectives: Obtaining primary stability upon placement is crucial for predictable healing and 
long-term success of dental implants. Primary stability is very difficult and challenging to 
achieve in poorer quality bone. Currently, two of the more common dental implant designs are 
tapered and parallel walled dental implants. The objective of this study was to determine if there 
was a difference in the primary stability of tapered and parallel dental implants in poor quality 
bone. The null hypothesis of this study was that there is no difference in the primary stability of 
tapered and parallel walled dental implants in poor quality bone. 
Material and Methods: Two implant designs (tapered and parallel walled dental implants) were 
evaluated for the primary stability in a medium that represented poor bone quality (Balsa wood).  
Twenty-four 4.3 x 11.5 mm HahnTM tapered implants (Glidewell Dental Laboratories, Newport 
Beach, CA) along with a twenty-four 4.3 mm x 11.5 mm parallel walled prototype HahnTM 
implants (Glidewell Dental Laboratories, Newport Beach, CA) were used. All implants had 
identical surface texture, diameter, length, thread design, and pitch thereby eliminating 
extraneous variables. The only difference between the two dental implants was the taper. After 
implant placement in the poor quality bone medium, resonance frequency analysis was recorded 
for each implant using the Penguin RFA (Aseptico®, Woodinville, WA). The ISQ scores were 
 v 
uploaded into Stata 16 (StataCorp, College Station, TX) and evaluated. A two-sample t-test was 
calculated to determine if there was a statistically significant difference in the primary stability 
between the two implant designs. 
 
Results:  In the evaluation of 24 tapered and 24 parallel walled implants, the average ISQ value 
for the tapered was 67.125 +/- 1.974 and the parallel walled was 64.813 +/- 0.93. The 2-sample t-
test yielded a p-value = 0.0000. Since the p-value <0.05, there was a statistically significant 
difference between the ISQ scores of the two implant designs. The null hypothesis was rejected. 
 
Conclusion: The results of this in vitro study concluded that the tapered implant design provides 
greater primary stability than parallel walled implants in poor quality bone. 
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1.0 Introduction 
Dental implants have become a successful treatment modality for partial and fully edentulous 
patients. The dental implant market has been predicted to reach $6.81 billion by 2024.1 The goal 
of dental implant therapy is to support restorations that provide the patient with restored 
function, esthetics and comfort. Most research investigations have reported long term implant 
success rates greater than 90%. In spite of this high success rates, dental implants do fail.2  There 
are many biological, mechanical, and iatrogenic reasons that account for these failures. 3 4 Lack 
of primary stability has proved to be one of these major causes. 5  A greater understanding of 
why implants fail has led to advancements in implant design, surgical and prosthetic protocols, 
and diagnostic tests to evaluate the stability of implants at the time of placement and throughout 
the healing process. Research has shown that implant therapy has been least successful in 
patients with poorer bone quality. Consequently, improving implant success in such patients has 
been a priority for implant clinicians. 
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2.0 CHAPTER 1 
2.1 REVIEW OF LITERATURE 
2.1.1 Osseointegration 
 “Osseointegration,” as originally described by Brånemark in 1977, is “a direct structural and 
functional connection between ordered, living bone and the surface of a load carrying implant.6  
This definition has directly influenced the evolution of implant design, surgical approaches, 
grafting procedures, bone substitutes, healing time, and the overall treatment of implant patients’.  
The traditional method described by Brånemark called for a two-stage approach with a minimum 
of 6 months of post placement healing to allow for osseointegration of the implant.7  During this 
time, implants were to remain unloaded to assure undisturbed bone apposition onto the implant 
surface.  Since these pioneering concepts were introduced, many authors have discussed 
variations of these protocols, including immediate placement and immediate loading protocols.8  
In spite of this transitioning paradigm shift in treatment protocols, it has remained clear that 
osseointegration is required for long-term implant success. 
 
2.1.2 Implant Stability: Primary and Secondary 
Successful integration of dental implants is predominantly dependent on the stability of 
the dental implant following placement. 9  Dental implant stability is a measure of the anchorage 
3 
or lack of movement of the implant in the alveolar bone. 10   Implant stability can be divided into 
two different stages: primary and secondary. 11   
2.1.2.1 Primary Stability 
The prosthodontic glossary defines primary stability as “contributing factors of 
mechanical stabilization of a dental implant during the healing phase.” 12 Basically, it is the 
initial stability or fixation of a dental implant immediately after placement within the bone. It has 
been well established that primary stability of the dental implant is crucial in obtaining 
osseointegration. 13  This stability directly affects the rigidity and resistance to movement of the 
dental implant before the initiation of bone remodeling and the healing process. Studies have 
shown that micro-movements greater than 50 – 150 um is detrimental to osseointegration. 14 
Prevention of micromovement is essential in averting early implant failures.  
Micromotion is defined by the International Congress of Oral Implantologists (ICOI) as 
“the minimal displacement of an implant body from the surrounding bone that is not visible to 
the naked eye.” 15 A critical threshold of micromotion exceeding 150 um may induce stress and 
strain sufficient to ultimately interfere with bone remodeling, negatively influencing 
osseointegration and allowing formation of a fibrous tissue interface. 16 Such formation of a 
fibrous tissue interface frequently results in insufficient bone at the implant interface and leads to 
eventual implant failure. 17 
Because the dental implant stability directly affects the bone remodeling process, the 
ability of the interface to accept stress impacts the overall success of the dental implant. 18 There 
are many factors involved in achieving adequate primary stability. 
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2.1.2.2 Factors involved in primary stability of implants 
Primary stability of a dental implant is influenced by multiple factors including bone 
quality and quantity, surgical technique, and implant surface and design. 
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2.1.2.2.1 Bone Quality/Quantity 
The long-term success of dental implants has been shown to be directly dependent on the 
quality and quantity of the bone surrounding the implant. 19 Initial bone density is one of the 
most important factors in achieving primary stability. The bone density allows for the transfer of 
stress from the prosthesis to the implant-bone interface. Therefore, quality of the bone 
determines bone-implant contact, which in turn ultimately determines dissipation of the occlusal 
load. 20   
 In 1985, Lekholm and Zarb described four bone qualities that were found in the anterior 
maxilla and mandible. 21 Quality 1 Bone: homogenous in nature and composed of compact bone; 
Quality 2 Bone: comprised of thick cortical bone and dense trabecular bone; Quality 3 Bone: 
composed of very thin cortical bone and dense trabecular bone; and Quality 4 Bone: consisting 
of almost no cortical bone and low-density trabecular bone. Originally, treatment protocols 
utilized the same surgical and prosthetic procedures for all 4 Bone categories.   
 In 1988, Misch proposed four different bone density categories that were independent of 
the location within the oral cavity (i.e. maxilla vs. mandible) and based on the macroscopic 
cortical and trabecular bone characteristics.22 23  Bone density D1 was classified as completely 
dense cortical bone and mainly found in the atrophic anterior mandible.  D1 Bone was shown to 
have an approximate BIC of 85%, meaning that approximately 85% of the implant interface 
upon placement is covered with bone.  D2 Bone was defined as dense-to-porous cortical bone 
and coarse trabecular bone with an approximate 70% BIC. D2 Bone is predominately found in 
the anterior mandible and sometimes in the posterior mandible. D3 Bone is described as having a 
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thin porous cortical bone and fine trabecular bone with a BIC of approximately 50%.  D3 Bone is 
usually located in the posterior mandible, as well as the anterior and posterior maxilla. D4 Bone 
consists of only fine trabecular bone with minimal cortical bone. Less than 30% of the interface 
(BIC) is covered with bone.  A later classification was added as D5, which is very soft bone with 
minimal mineralization and large intertrabecular spaces.  24 
 
Figure 1: Bone Density Classification according to Misch 25 
 The BIC has been shown in the literature to be directly related to implant survival and 
success rates. Becker et al showed that higher BIC values in the anterior mandible were 
associated with higher survival rates than in poorer quality bone found in the posterior maxilla. 26  
Miyamoto et. al. reported that the initial cortical bone thickness seen in D1 and D2 bone 
qualities, has a positive impact on dental implant stability. 27  With thicker cortical bone, higher 
placement torques have been possible; however excessive insertion torque values may result in 
bone resorption and pressure necrosis, leading to implant failure. 28   
      Lower primary stability in D4 bone, along with impaired healing and unpredictable 
integration has been associated with a decreased implant survival rate. 29  Sennerby et al showed 
that implants connected to cortical bone by only a few threads had higher primary stability than 
implants completely surrounded by cancellous bone. Maximizing the primary stability of the 
implant is important for successful bone apposition and integration. 30 
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Recently, cone beam computed tomography (CBCT) has proved helpful in determining 
bone quality prior to surgical placement of dental implants. With the use of CT numbers 
(Hounsfield units - HU) and treatment planning software, the bone quality may be correlated 
from the patient’s CBCT.  Sir Godfrey Newbold Hounsfield was an English electrical engineer 
who won the 1979 Nobel Prize for Medicine for his pioneering work with X-ray computed 
tomography.31  He developed a bone quality scale based on Hounsfield units. The calibration 
value of air was set at -1000 HU, water at 0 HU, and dense cortical bone at  +1000 HU. 
Hounsfield units were further classified to include bone qualities: D1 bone >1250 HU, D2 = 850 
– 1250 HU, D3 = 350 – 850 HU, and D4 = 0 = 350 HU.  This scale has allowed a direct 
correlation between bone quality seen on a CBCT examination and the patient’s bone quality 
seen during the placement of dental implants. 32  33 
 
Table 1: Hounsfield unit assignment to Misch's Bone Density classification 
Hounsfield Units (HU) 
D1 >1250 
D2 850 - 1250 
D3 350 - 850 
D4 0 - 350 
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2.1.2.2.2 Surgical Technique 
         Many techniques and protocols have been discussed in the literature that can 
osseodensify poor quality bone. This osseodensification increases the bone-implant contact at the 
implant interface upon initial implant placement. By improving the density of the implant site 
and increasing the BIC, increased primary stability and greater implant success can be achieved. 
34 
One of the more common surgical techniques to enhance primary implant stability in 
bone of poor density is to under-size the osteotomy.35  By under-sizing the osteotomy (i.e. using 
decreased bur diameter resulting in a smaller osteotomy diameter of than that of the implant), the 
intention is that the implant will compress the bone laterally leading to increased fixation and 
primary stability.  The bone that would normally be lost due to the larger drill sizes is actually 
laterally compacted, thereby increasing the BIC. 36  Jimbo et al concluded that the undersizing 
technique is only efficient when the implant bed is decreased by 10% of its diameter and that any 
further decrease did not improve the primary stability. 37 Turkyilmaz et al placed 60 implants in 
the posterior maxilla and evaluated various surgical techniques to enhance primary stability in 
poor density bone. They concluded that using smaller diameter drills for implant placement in 
low bone density is a viable option to increase primary implant stability, which usually results in 
better implant survival rates. 38  Tabassum et. al. also found that in poor bone density using an 
undersized drilling technique locally optimizes bone density and improves the primary 
stability.39  Bilhan et. al. placed 90 implants in cow ribs and found that under-dimensional 
drilling enhanced primary stability, especially in cancellous bone.  40 
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With underprepartion of the osteotomy, more force is required to deliver the implant. The 
maximum force necessary to place the implant in the osteotomy is referred to as insertion torque. 
Some studies have found that increasing insertion torque, improves the primary stability. 41  Most 
of the literature has concluded that undersizing the osteotomy in poor quality bone does help to 
increase implant stability. This has led most implant systems to have both a soft and dense bone 
protocol where an undersized osteotomy can be used to increase primary stability in cases on 
poor bone quality  
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2.1.2.2.3 Osteotomes 
In 1994, Summers described the Osteotome technique to improve primary stability. 42 
This method involves initially preparing the osteotomy with a pilot drill, followed by use of hand 
held osteotomes.  This allows the bone to be compressed both laterally and apically. The goal of 
this technique is to retain bone that would normally be removed by compressing it to create a 
precisely formed implant site instead. 43 Consequently, bone-implant contact is increased. 
 Shayesteh et.al placed 46 implants in the anterior maxilla of 30 patients using 
conventional drilling and the osteotome technique. They concluded through resonance frequency 
analysis (RFA) that the osteotome technique resulted in higher primary stability compared to 
conventional drilling. 44  Markovic et al placed 102 implants in the posterior maxilla and also 
found that laterally condensing bone with osteotomes significantly improved implant stability. 45 
The increased primary stability was attributed to changes in the micromorphology of the 
trabecular bone caused by the osteotome compression. 46 
Contrary, a study by Padmanabhan and Gupta found statistically significant higher 
primary stability using conventional drilling rather than osteotomes. They also found an average 
crestal bone loss of 1.19mm when using osteotomes compared to a loss of 0.99mm following 
implant placement using conventional drilling. They concluded that the use of osteotomes should 
be limited to situations where knife-edge ridges and/or poor bone quality are present. 47  
There is a wide range of osteotome designs and techniques. There likewise exists a 
learning curve for implant clinicians to assure maximum primary stability when using this 
method. 
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2.1.2.2.4 Osseodensification Burs 
Osseodensification drilling (OD) is another technique that was recently developed to 
improve primary stability. During conventional osteotomy drilling, the drills are designed to 
excavate bone to create room for the implant placement. 48  Huwais introduced 
“osseodensification burs”, which preserve and condense bone during the osteotomy in a non-
subtractive fashion.49 When run in a counterclockwise direction, these burs laterally condense the 
soft bone resulting in greater bone volume and density, increased bone implant contact, and 
increased primary stability.50 Lahens et. al. examined the effect of osseodensification on the 
primary stability of implants in sheep. They found that osseodensification drilling enhanced 
primary stability and bone-implant contact regardless of the implant design.51  Trisi et. al. found 
a 30% increase in bone volume and an increased ridge width when using osseodensification 
drills. Increased bone density was attributed to the compression of trabecular bone.52  Wang et. 
al. found that though OD increased the percentage of bone at the implant interface, however it 
did not significantly improve implant primary stability.53 Almutairi et. al. placed 48 implants 
where  osseodensification burs and conventional drilling were compared. Utilizing periotest 
values, they did not find a statistically significant difference in primary stability.54 Though 
osseodensification is a recent concept, it has been well researched and has shown promising 
results. 
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Figure 2: Illustrated is the densifying mode of an osseodensification bur 55 
2.1.2.3 Secondary Stability 
Approximately two weeks following implant placement, there is a decrease in the 
mechanical stability of dental implants most likely due to bone remodeling. Following implant 
placement, highly cellular but poorly mineralized and non-load-bearing woven bone accumulates 
at the implant interface. 56 If excessive force is applied to woven bone at the interface, load-
bearing bone will not be formed and a soft tissue interface will result.57   The woven bone 
interface is then slowly resorbed by osteoclastic activity. 58 Remodeling of the woven bone at the 
interface consists of a slow resorption phase initiated by osteoclastic activity followed by bone 
apposition initiated by osteoblastic activity.  59 As new bone is slowly formed at the implant 
interface, secondary stability is established. This secondary stability is crucial for successful 
osseointegration. 60 Secondary stability is achieved as additional bone is remodeled at the 
implant interface 61 The control of micromotion at the bone-implant interface is crucial to obtain 
secondary stability and prevent soft tissue invasion which leads to implant failure. 62  If sufficient 
13 
primary stability is not initially achieved, secondary stability will be compromised. 63 Primary 
stability, bone remodeling, and implant surface conditions are key factors that influence 
secondary stability.64 
Figure 3: Illustrating how secondary stability replaces the primary stability throughout the healing time 65 
2.1.3 Implant Design 
The dental implant market has grown exponentially over the last 15 years.  In 2003, 
Jokstad et. al reported that approximately 80 manufactures around the world were producing 220 
different implants.66  By 2018, there were roughly 500 different manufactures producing over 
4,000 different implants.67   Numerous modifications in implant body design and implant surface 
texture have been suggested in the literature to increase the success of implants in poor quality 
bone. Their goal has been to gain better stability and to provide greater surface area to decrease 
the stress transmitted to the bone.68  Successful integration of dental implants depends on the 
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chemical, physical, mechanical, and topographic characteristics of their design.69 Dental implant 
design has been shown to be a crucial parameter for attaining primary stability.  70 71 72 73 
 Implant design directly influences implant handling of biomechanical forces.74  It has 
been found that implants placed into good quality bone achieve acceptable primary stability, 
regardless of their design.75 The effects of different designs between various implants are more 
pronounced in poor quality bone. Thus, selection of an implant that can provide adequate 
primary stability in poor quality of bone is essential. 
2.1.3.1 Screw vs Cylindrical 
Since the 1990’s, the two most common implant designs have included cylindrical and 
screw type.  The screw or threaded design is currently the most popular because of its increased 
surface area, which allows for increased bone-implant contact (BIC). This contributes to superior 
primary stability and minimal micromotion. 76 77 78 Vandamme et. al. showed that screw implants 
have a much greater surface area and consequently enhanced secondary stability. 79  Watzik et. 
al. concluded that screw implants are beneficial for immediate load procedures and further that 
cylindrical implants are contraindicated because of their inferior primary stability. 80
 
Figure 4: Basic implant design 81 
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2.1.3.2 Tapered vs Parallel Wall 
The original 1970’s Branemark implant design had parallel walls. That design has given 
way to tapered dental implants introduced in the late 1990’s for cases involving closely 
approximating natural tooth roots.82  These implants were initially intended for the replacement 
of missing lateral incisors 83 84, narrow or concave ridges 85, and interdental sites compromised 
by convergent roots of adjacent teeth.86 With the addition of multiple threads to the tapered 
design 87, studies have shown an increase in implant stability in low bone density due to 
compression of bone during insertion. 88 This increase in primary stability has favored tapered 
implants to be used in sites with poorer bone quality 89, inadequate bone quantity 90, and in sites 
planned for immediate placement.91  O’Sullivan et. al. correlated the amount of compression to 
three factors: the degree of implant taper, the relationship of the final drill diameter to the 
diameter of the implant, and the mechanical properties of the bone. 92 
 O’Sullivan et. al. compared five different implant designs in a human cadaver study and 
found that parallel walled implants can reach their maximum stability if the coronal part is 
placed in cortical bone. However, tapered implants apply lateral compressive forces to the 
surrounding walls when placed in sites with poor bone quality and hence provided a more 
favorable design than parallel walled implants.93 Additionally, they found that tapered implants 
had similar stability in all types of bone quality. O’Sullivan et. al. also evaluated the mechanical 
stability of dental implants with a 1° and 2° of taper compared with the standard parallel walled 
Brånemark design. They concluded that implants designed with a 1° taper result in better 
primary stability compared with the standard Brånemark design. 94 
 Menicucci et al compared conical and cylindrical implants and found higher insertion 
torques for tapered implants (31.5 Ncm) compared with straight-walled implants (25.5 Ncm).95  
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Lozano-Carrascal et al in prospective clinical study compared OSP implants to tapered MIS 
implants in human mandibles. They found that tapered implants achieved higher primary 
stability measured through ISQ and insertion torque.96  Romanos placed 90 parallel walled and 
90 tapered implants in cow ribs, which were described as type IV bone, and found greater 
implant stability for tapered implants.97  Other similar studies have utilized RFA analysis and 
artificial bone blocks or animal models and concluded that tapered implants show significantly 
higher ISQ values than cylindrical shaped implants.98  99  
 An additional advantage of tapered implants is that they require less quantity of bone at 
their apex due to a decreased apical diameter. Therefore, they are less likely to perforate the 
buccal plate, when osseous undercuts are present. 100 Mijiritsky et. al. found a 96% success rates 
with varying diameters and lengths. Rokn et. al.101 compared stability changes of tapered and 
parallel walled implants in different types of bone. They concluded that for denser D1-D3 bone, 
greater primary stability occurred regardless of the implant design. They also found that the 
tapered wall implant had a higher initial stability as well as better stability throughout the bone 
remodeling stages. They attributed their results to the fact that the tapered design created more 
lateral bone compression during implant placement. 
 Coutant et. al. placed Nobel Active tapered implants and Nobel Speedy cylindrical 
implants into poor quality cadaver bone. They found adequate primary stability with the tapered 
implants and little to no stability with the cylindrical implants. 102  However, only five specimens 
were examined in this study and both the tapered and cylindrical implants exhibited different 
thread designs.  
 George et.al. compared tapered and cylindrical dental implants and concluded that the 
delivery torque and primary stability of tapered implants was greater and resulted in a higher 
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success rate. 103  However, a limitation of this study was that different implant types and thread 
designs were used.  
 Friberg et al 104 as well as Astrand et. al. 105 also reported that tapered implants had 
greater primary stability and success in poorer quality bone. Following a 1-year clinical 
evaluation of immediate loading of tapered implants, Glauser et al recommended their use when 
immediate loading is planned.106 
 Tapered and parallel walled implants distribute biomechanical forces differently. Tapered 
implants divert forces toward the apex, making this type of implant more desirable for immediate 
placement.107 Parallel walled implants distribute forces throughout the entire implant because the 
parallel walls of the osteotomy are damaged by the preceding implant threads. 108  Glauser et. al. 
stated that tapered implants distributed occlusal forces to adjacent bone more favorably than 
parallel walled implants.109 
 Some authors have postulated that the higher delivery torque and the compression with 
tapered implant does not always lead to high implant stability. 110  Excessive bone compression 
generated by the tapered design can exceed the physiologic tolerance and cause cell death, 
necrosis, and ultimately bone resorption. 111 112 Finite element analysis studies have found a 
potential for excessive stress concentrations to occur in the crestal or apical regions of various 
tapered implant designs when used in low-density bone. 113 114 
 However, research as that of Khayat et. al. disproved this concept. 115 They used 
placement torques up to 125 N/cm did not see any greater bone resorption or lack of 
osseointegration from such compression when using the tapered implant design. 
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2.1.3.3 Rough vs Smooth Surface 
Implant surface characteristics have been shown to have a significant impact on 
osseointegration and primary stability.  116  The original dental implants were all well polished, 
however many advancements have been made regarding the implant surfaces. In poor quality 
bone, implants with acid-etched surfaces achieve higher BIC than implants with a machined 
surface.117 118 Numerous studies have shown that roughened surfaces are associated with an 
increased primary stability compared to smooth surfaces. A roughened surface provides 
increased surface area and a greater mechanical link to the tissues. 119  120   Veis et. al. in a 
primate study showed that a roughened surface was advantageous in achieving osseointegration 
following immediate loading . 121  Garber recommended using a roughened implant surface for 
immediate placement situations to achieve increased early bone-implant contact resulting in 
accelerated osseointegration and secondary stabilization.122 Numerous other studies have shown 
that roughened surfaces reduce healing time as they promote peri-implant osteogenesis by 
increasing the proliferation and metabolic activity of osteoblasts.  123 124 Khang et. al. found that 
surface-roughened implants have a failure rate five times lower than machined surface 
implants.125 Thus, the field of oral implantology agrees on the benefits of roughened implants 
and the majority of the implants on the market are now roughened.  
2.1.3.4 Threads 
There are many different implant thread configurations and all directly impact 
bone/implant contact. Threads may help to improve initial stability, increase implant surface 
area, and distribute stress to the implant over a greater surface area. 126 127  Falco et. al. found that 
large aggressive threaded implant designs are more favorable in poor quality bone.128  Trisi et. al. 
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found an approximate  10% increase in BIC in cancellous bone with large thread designs over 
classical designs. 129 
 The thread pitch, defined as the distance from the center of one thread to the center of the 
next thread, has a significant effect on the surface area.130  As thread pitch decreases, surface 
area increases which, in turn leads to better stress distribution.131 Abuhessein et. al. showed that 
stresses are more sensitive to thread pitch in poorer quality cancellous bone.132 Finite element 
analysis research has shown that a square thread design provided the best primary stability and 
was recommended to be used in immediate loading cases.133 
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3.0 Ways to Evaluate Dental Implant Stability 
Ways to evaluate dental implant stabilization and bone density have been well 
documented in the literature. Techniques such as histologic analysis, tactile perception, 
radiographs, periotest, resonance frequency analysis (RFA) and cutting torque resistance analysis 
have enabled clinicians to evaluate dental implant primary stability.  
3.1.1 Histologic Analysis 
Histologic analysis has been documented in the literature as a reliable method to evaluate 
both the peri-implant bone quantity and bone-implant contact (BIC).  A dyed specimen of the 
implant and peri-implant bone may be evaluated. Though this technique is very accurate, it is an 
invasive and   destructive procedure. Consequently, it is only utilized in nonclinical studies and 
experiments. 134 
3.1.2 Tactile Sensation 
A subjective technique to determine stability is the use of tactile sensation by the implant 
clinician placing the implant.  Based on cutting resistance and seating torque of the implant, a 
perception of “adequate” stability may be determined by the sensation of an abrupt stop when the 
implant is seated.135  The obvious disadvantage of this technique is relying on the subjective 
evaluation of a single clinician. Such results are not quantifiable. Additional factors that may 
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further skew results include density and amount of cortical bone present, sharpness of the drills, 
possible marrow spaces within the bone, and placement technique. 
3.1.3 Radiographs 
Radiographic imaging is widely used to assess the quantity and quality of the bone both 
pre- and post- implant delivery. Following surgery, radiographic imaging is a noninvasive 
method used to assess any changes in the quantity and quality of the supporting bone, and to 
estimate the incidence and progression of associated crestal bone loss.  
 There are many limitations that exist with the use of conventional radiographs in 
obtaining an accurate assessment of implant stability. Conventional two-dimensional periapical 
and panoramic radiographs do not provide information on facial or lingual bone loss, which tend 
to precede mesiodistal bone loss. 136 In addition, bone quality or density cannot be accurately 
quantified via 2-dimensional x-rays.137  Studies have shown that changes in bone mineralization 
cannot be radiographically detected until 40% of the demineralization has occurred.138 Finally, 
crestal bone changes can only be reliably measured if the bitewing radiograph was perfectly 
parallel with the implant upon exposure. 139  In order to compare images taken at different time 
periods, a standardized technique would need to be used to provide reliable and repeatable 
measurements.140  In conclusion, two-dimensional radiographic imaging is simple, quick, and 
noninvasive; however it is limited in its capability of accurately assessing the stability of dental 
implants.  
 The use of CBCT examinations to determine primary stability is questionable. Because of 
CBCT artifacts, measurement of bone at the implant interface is inaccurate.  The most common 
artifact is beam hardening, which usually results in a radiolucency on one side of the implant in 
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CBCT cross-sectional images. 141 Other artifacts that may decrease accuracy of CBCT evaluation 
are streaking, noise, and motion issues. 
 
3.1.4 Percussion Test 
The percussion test is an older method to assess the level of integration.142 A blunt 
instrument (dental mirror handle) is used to tap the implant. Based upon vibrational-acoustic 
science and impact response theory, the resulting sound will correlate to the degree of 
osseointegration.143   It has been postulated that a high-pitched ringing “crystal” sound would 
imply successful osseointegration.   In contrast, a low-pitched “dull” sound would indicate a lack 
of osseointegration. A dull sound is made because there is inadequate bone at the implant 
interface causing the vibrations move more slowly across the distance between the implant and 
the surrounding tissue.144 The obvious disadvantages of this technique are that it is extremely 
subjective, unreliable, and not quantifiable.   
 
3.1.5 Insertion Torque 
Torque is a measurement of the rotational friction between the implant and bone 
combined with the force required to cut the bone and the pressure force from the surrounding 
bone. Johansson et. al. described the insertion torque as the amount of torque required to insert 
an implant into the prepared osteotomy.145  Insertion torque can be measured at the time of 
implant placement and can provide the clinician with an objective assessment of the bone 
 23 
density.146 Increased insertion torque has been associated with reduced micromotion and higher 
success rates.147  However, a spectrum of insertion torques have been described by various 
authors throughout the literature.  
 Ottoni et. al. placed 46 single-tooth implants and found that a minimum of 32 N/cm was 
necessary for integration of the implant. They concluded that achieving high insertion torque is 
related to higher primary stability.148  A study by Barewal et. al. found that an insertion torque of 
20 N/cm is adequate for immediately loading a single tooth implant.149  
 High insertion torque may reduce adverse micromotion, but some studies have indicated 
that increased torque does not always correlate with higher degrees of stability.150 For example, 
high insertion torque may reach high primary stability, however the stress may cause pressure 
necrosis, which may jeopardize secondary stability.151  Lim et. al. stated that excessive insertion 
torque resulted in undesired heat, bone ischemia, delayed bone healing, and implant failure.152  
Norton et. al. found that decreased insertion torques yielded favorable survival rates with optimal 
bone levels compared with higher torque values. 153   Norton also reported that a torque of only 
25 N/cm was sufficient for an immediately placed and restored single implant. 154 Some implants 
may fracture at the crest if too much torque is required to insert the implant.  
 The insertion torque (IT) allows the clinician to have an estimation of the bone, which 
may be useful in determining the optimal healing time for the implant.155 The IT value is an 
important factor in determining an implant’s primary stability. However this can only be 
measured at implant placement and does not allow for an accurate assessment of the secondary 
stability. 156 The comparability of insertion torques between different implant systems has proved 
to be difficult. 157  No universal standard for the ideal torque necessary for implant placement or 
ensuing loading protocol has been established for each implant system.158 
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3.1.6 Reverse Torque Test 
Unlike insertion torque that measures bone density and the torque required to place an 
implant, the reverse torque measures the “critical torque threshold” where the bone-implant 
contact has been destroyed.159 Reverse torque evaluates the friction or bond between the implant 
and surrounding bone by applying a reverse torque to the implant. If the applied torque results in 
implant rotation, then the implant has failed. 160  This test depends on the amount of bone contact 
at the implant interface and compression forces between the bone and implant. Sullivan et. al. 
found that reverse-torqueing at 20 N/cm is a safe, reliable method for verifying osseointegration. 
161 However, this threshold for reverse torque testing has not been research supported. Implants 
placed in poorer quality bone may be significantly lower than implants in dense cortical bone. 
The reverse torque test provides an “all or none” outcome whether or not the implant has 
osseointegrated, It can potentially jeopardize or destroy ongoing bone remodeling if used 
incorrectly. 162   
 
3.1.7 Periotest 
The periotest was developed in 1983 to be used on natural teeth to evaluate periodontal 
stability.163  This test was established to quantitatively measure tooth mobility based on the 
damping characteristics of the periodontal ligament surrounding a tooth. A sensor inside the unit 
measures the damping ability while an electromechanically controlled tapping head percusses a 
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tooth or implant.164  Specialized software relates contact times as a function of mobility and 
expresses the number as a Pertiotest Value (PTV) ranging from -8 (low mobility) to +50 (high 
mobility). 165 166 167 PTV values of -8 to 0 are interpreted as successful osseointegration. A 
clinical examination prior to loading an implant has been recommended for values of +1 to +9, 
and further that +10 to +50 values indicate that osseointegration is insufficient. Dilek et. al. 
recommended that ideal periotest values should range from -8 to +9. 168   Abboud et. al. reported 
that periotest values no higher than + 4 are required for primary stability. 169 
 The periotest has been accepted as a diagnostic tool to evaluate the primary stability of 
an implant. 170 It can measure all surfaces of the abutment or prosthesis; however, in order to be 
accurate the rod must make contact at the correct angle and distance.171 The rod must maintain a 
distance of 0.6-2.0mm from the implant. 172 Studies have confirmed that for every 1mm change 
in striking distance, there will be a difference of 1.5 in PTV.173  Ito et. al.  stated that “if the 
perpendicular contact angle is larger than 20 degrees or if the parallel contact angle is larger than 
4 degrees, the measured value is invalid”. 174 
  Single values of PTV’s are of limited clinical value, however by performing repeated 
measurements over time, implant stability can be validated more accurately. Due to the 
sensitivity of this test and potential operator error, the periotest may not be as reliable as other 
testing modalities.  In a review of the reliability of the Periotest, Bilhan et. al. recommended that 
if using the Periotest, the clinician should utilize other modalities as well to monitor implant 
primary stability. 175 Due to the sensitivity of this test and potential operator error, the periotest 
may not be as reliable as other testing modalities.     
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3.1.8 Cutting Torque Resistance (CRA) 
Cutting torque resistance analysis (CRA), developed in 1994 by Johansson and Strid, is a 
test that measures the energy required to complete an implant osteotomy. 176 The electric motor 
is used as the diagnostic source to measure the energy required to cut bone during the implant 
surgery. Studies have shown this test may be correlated with bone density. A torque gauge is 
incorporated within the drill to measure the insertion torque. 177  Advantages of this method are 
detecting bone density and quality during the surgery.178 However, this technique is difficult to 
standardize, does not provide the necessary information until the osteotomy is prepared, and is 
only measureable at implant placement. 179 
 
3.1.9 Resonance Frequency Analysis (RFA) 
In 1996, Meredith developed the Resonance Frequency Analysis technique (RFA) to 
analyze implant stability. 180  RFA is a noninvasive technique that records and quantifies the 
lateral stability of an implant. The first generation RFA consisted of a stainless steel or titanium 
cantilevered transducer with 2 piezoceramic elements. One element received a 5-15 kHz 
vibrating frequency and vibrated the transducer; the other passed the vibration onto the RFA to 
analyze the response of the beam.181  The first flexural frequency of the beam was measured in 
Hertz (Hz) and described the stability of the implant. The resonance frequency increased in 
direct proportion to the increases in the stiffness of the bone-implant interface.182  The main 
disadvantage of the 1st generation RFA was that each transducer had its own resonance 
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frequency that could vary between different transducers. The resulting varying values between 
different transducers were of limited value. 
 
 
Figure 5: Schematic of first generation RFA transducer 183 
 
 Newer generation RFA’s [Ostell ISQ (Osstell, Gothenburg, Swedent) and Penguin RFA 
(Aseptico, Woodinville, WA)] have calibrated transducers (“smart pegs”) with a magnetic top 
that is attached to the implant. The peg is excited through magnetic pulses with alternating waves 
of amplitude that cause the peg to vibrate, steadily increasing in pitch until the implant 
resonates.184  Increased frequencies correlate with stiffer bone-implant interface and thus higher 
stability.185  Newer generation RFA transducers are calibrated and autoclavable. Even though 
different implants require different transducers (smart pegs), all smart pegs show comparable 
values of implant stability.  
 Newer generation RFA transducers convert and report the Hertz waves into Implant 
Stability Quotient (ISQ) values. The ISQ score ranges from 0 to 100 with higher score 
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correlating to higher stability. ISQ measurements are usually taken in two directions (MD and 
BL). The ISQ measures axial stability, stiffness of the implant, stiffness of the implant-bone 
interface, and stiffness of the surrounding bone.186  The ISQ score is affected by implant 
diameter, surface character, bone contact ratio, implant site, surgical procedure, bone quality and 
bone quantity.187  
 The force applied by the RFA is equivalent in terms of direction and intensity of a fixed 
lateral force applied to the implant. This may simulate the clinical loading conditions on a much-
reduced scale.188  Zix et. al. found that RFA analysis of implant stability was more accurate and 
precise than the Periotest.189  
 RFA analysis has been shown to be a useful clinical tool from the time of implant 
placement throughout prosthetic rehabilitation.190 It has allowed individualized treatment 
planning regarding one-or two stage procedures, immediate loading, healing time, type of 
prosthetic reconstruction, and detection of failing implants.191  Sennerby et. al. have 
recommended loading protocols based on the ISQ values. Their chart considers ISQ values 
above 70 as “safe” and suitable for immediate loading protocols,192 and further that a range of 
55-70 as moderately stabile and finally an ISQ value below 55 as questionable  In summary, 
RFA has been established as a non-invasive method to quantify implant stability and can be used 
repeatedly in the intra-operative and post-operative settings. 193 
 
Figure 6: Newer generation RFA recording (Penguin RFA (Aseptico, Woodinville, WA)) 
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Figure 7: ISQ scores recorded by RFA along with resulting implant stability 194 
 
 
3.2 Importance of Primary Stability 
3.2.1 Immediate Loading 
Immediate loading of dental implants has gained popularity due to the reduction in 
treatment time and trauma, as well as aesthetic and psychological benefits to the patient.195  A 
prerequisite for long-term success in cases of immediate implant placement is adequate primary 
stability at the time of implant placement and following initial loading of the implant.196 Primary 
stability is paramount to implant success throughout the normal healing processes.197  If an 
 30 
implant exhibits poor initial stability (mobility > 150 um), the excessive pressure of immediate 
loading forces may compromise normal healing. Poor primary stability is one of the most 
common causes for implant failure.198  If the normal healing process is altered, a fibrous tissue 
interface results leading to failure of osseointegration.199  Elias et. al. stated that primary not 
secondary stability, is the most critical factor in cases of immediate loading. 200 Friberg et. al. has 
reported an implant failure rate of 32% for implants with inadequate initial stability. 201 
 Ivanoff et. al. investigated the influence of primary stability on osseointegration in rabbits 
by placing implants where some were primarily stable, some had rotational mobility, and some 
were totally mobile. Although all implants experienced some osseointegration, upon removal 
there was significantly less bone surrounding the implants that had initial mobility. They 
concluded that high primary stability reduced the risk of micromotion and adverse tissue 
responses such as fibrous tissue formation.202  Brunski found that when implants are immediately 
loaded, a micromotion up to 100 um is tolerated and does not affect the osseointegration of the 
implant.203 
 
3.2.2 Success in Poor Quality Bone 
The importance of achieving adequate primary stability is greatly increased in cases of 
poor quality bone. A balance between cancellous and cortical bone is desired.204  Lateral forces 
can potentially induce a micromotion up to 250 um in D4 bone.205 206 Failure rates up to 35% 
have been reported in type 4 bone 207 attributed to the difficulty in achieving primary stability 
and maintaining the bone-implant interface. 208  
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 In 1991, Jaffin et.al. reported a 35% failure rate in 102 implants placed in D4 bone. Of 
the 952 implants placed in D1, D2, and D3 bone, only 3% failed. They concluded that 
presurgical determination of D4 bone may help reduce failures and alter surgical treatment 
modalities.209  In a similar study, Farre et. al. concluded that implants placed in D1, D2, D3 bone 
resulted in better implant stability, whereas those placed in D4 bone had higher failure rates. 210  
 Thus, implant failure rates are greater in poor quality bone and the importance of primary 
stability is exacerbated. 
 
3.3 Research Objectives 
Achievement of long-term success in implant therapy is compromised in cases of poor bone 
quality and immediate loading. It has been shown that the primary stability of an implant 
immediately following placement is essential in allowing the osseointegration process to 
occur.211  The goal of this study was to determine whether tapered or parallel walled dental 
implants provided greater primary stability in poor quality bone. Historically, the posterior 
maxilla has had the poorest quality bone and consequently the worst location for successful 
implant placement. Because dental implants placed in poor quality bone (as in posterior maxilla) 
are more susceptible to implant failure, it has been hypothesized that placement of tapered 
implants in poor quality bone could be expected to demonstrate a higher degree of initial 
stability, which in turn could lead to greater osseointegration and implant success. 
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3.4 Research Hypothesis 
Tapered implants will NOT have a greater primary stability than parallel 
walled implants in poor quality bone. 
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4.0 CHAPTER 2 
4.1 Methods/Materials 
4.1.1 Implants 
The HahnTM tapered implants (Glidewell Dental Laboratories, Newport Beach, CA) (4.3mm 
x11.5mm), which is currently commercially available, was compared to a Parallel walled 
prototype implant (4.3mm x 11.5mm) fabricated by Glidewell Dental Laboratories (Newport 
Beach, CA). The prototype was fabricated with the same Titanium alloy, same length (11.5 mm) 
and diameter (4.3mm), same thread design, same self-tapping grooves and threads, and same 
collar as the HahnTM Tapered implant. The only difference between the two implants was the 
taper of the walls, which was the only variable evaluated in this study. Twenty-four tapered and 
parallel walled dental implants were used in this study. 
 
Figure 8: Hahn Tapered Implant Design (Glidewell Dental Laboratories, Newport Beach, CA) 
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Figure 9: A comparison of Hahn Tapered Implant (left) (Glidewell Dental Laboratories, Newport Beach, CA) 
and parallel walled prototype (right)(Glidewell Dental Laboartories, Newport Beach, CA) compared in this 
study 
                              
 
 
4.1.2 Low-Density Material 
5 artificial acrylic materials (polyeurethane blocks), 3 types of wood (oak, white pine, balsa), and 
Styrofoam were initially tested to determine which would best simulate poor quality bone. A 
CBCT (GENDEX) (Carestream Dental; Atlanta, GA) was taken of all materials and uploaded to 
Simplant (Dentsply Sirona; York, PA) to determine the Hounsfield Units (Hu) reported in the 
table below. A pilot study was conducted where implants were placed in all 9 testing mediums. 
Based on the CBCT image and clinical observations, it was determined that Balsa wood would 
best simulate the poor quality bone most likely encountered in the posterior maxilla. A 1 inch x 1 
inch x 12 inch Balsa wood block was used as the test material for this study. Below is a table of 
the HU for the materials that were tested: 
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Figure 10: Average Hounsfield Units (HU) calculated of each testing medium in Simplant (Dentsply Sirona, 
York, PA) 
 
 
 
Table 2: Table of Hounsfield Units (HU) of each testing medium 
Material PU1 PU2 PU3 PU4 PU5 Oak White 
Pine 
Balsa Styrofoam 
HU’s 476 883 672 1005 958 1043 913 293 121 
 
 
4.1.3 Surgical Technique and Implant Placement 
In order to limit the amount of variability and error during implant placement, a guided surgical 
template was fabricated for the placement of all dental implants in this study. This template will 
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ensure that all implants were positioned at the same angle and   limited the amount of placement 
error. A drill press (KFF ¼” Drill Press)(King Feng FU Machinery; Taiwan) set to run at 800 
RPM was used to prepare the osteotomy. The manufacture has recommended that individual 
drills should be replaced after 10 uses. To further limit variability in this study, a new drill was 
used for each osteotomy for each implant. A soft bone protocol was followed as is done in cases 
of poor quality of bone. The final drill for a 4.3mm x 11.5mm implant was a 3.5mm twist drill. 
Once the final drill was used, an air water syringe was employed to remove any debris 
accumulation. Implants were then inserted using the guide and torqued to 45ncm using a 20:1 
implant hand piece. A decision was made prior to conducting the study, that if an implant would 
bottom out, it would be torqued by hand until the neck of the implant was at the crest of the 
wood.  
                                   
Figure 11: KFF 1/4" Drill Press with Osteotomy bur (King Feng FU Machinery, Taiwan) 
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Figure 12: Balsa wood with Tapered and Parallel walled implants placed 
  
 
4.1.4 Analyzing stability using RFA 
After the implants had been placed, the ISQ score for each was calculated using a Penguin RFA 
Analyzer (Aseptico®, Woodinville, WA). The ISQ value reflected the micromobility of the 
implant when a force was applied. This value is directly related to the biomechanical properties 
of the surrounding bone, tissue, and quality of the bone-implant interface. Since both the tapered 
and parallel walled implants have the same interface, the same RFA transducer (“smart peg”) 
was used for all implants.  
 The ISQ value was calculated in two different directions. These values were uploaded into an 
Excel spreadsheet. The average of the two ISQ values represented the ISQ score for that sample 
implant.          
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Figure 13: RFA recording using Penguin RFA Analyzer (Aseptico, Woodinville, WA) 
 
4.1.5 Statistical Analysis 
Once all data had been collected on an Excel spreadsheet, the values were uploaded into Stata 16 
(StataCorp, College Station, TX) to be analyzed. Analysis of the differences in ISQ values 
between tapered and parallel wall implants was evaluated using a 2-sample t-test because both 
variables in this study were independent. The test provided information as to whether a 
difference existed between the variables and if the p-value if this difference was statistically 
significant. 
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5.0 CHAPTER 3 
5.1 Results 
Data for the 48 implants tested in the study are expressed below in table 1. The mean ISQ 
value for tapered implants was 67.125 +/- 1.974 and for parallel walled implants was 64.813 +/- 
0.93. The 2-sample t test was used to determine if a difference existed between the ISQ values. 
The 2-sample t test yielded a p-value = 0.0000. Since the p-value < 0.05, there was a statistically 
significant difference between the ISQ scores of the tapered and parallel walled implants. This 
study concluded that tapered dental implants do reach a statistically significant greater primary 
stability in poor quality bone than parallel walled implants and rejected the original null 
hypothesis. 
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Figure 14: ISQ values for tapered and parallel walled implants compared in this study 
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Figure 15: 2-sample t-test results in State 16 (StataCorp, College Station, TX) 
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6.0 CHAPTER 4 
6.1 Discussion 
The importance of adequate primary stability has been directly linked to osseointegration 
and the long-term success of dental implants212 Primary stability is dependent on the quality and 
quantity of bone, the surgical technique, and the implant fixture geometry. Misch stated that 
following implant placement, bone density is the main determinant for the mechanical stability 
of dental implants. 213 Advances in implant design and improved surgical techniques have 
enabled greater primary stability in poor quality bone.  
 The purpose of this study was to compare the initial stability of tapered and parallel 
walled dental implants in poor quality bone. The achievement of primary stability in poor quality 
bone is difficult and failure to do so can lead to implant failure.214  O’Sullivan stated that “due to 
the lack of cortical bone in type 4 bone, an implant has minimal or no primary stability. This in 
turn may result in a lack of osseointegration due to implant micromotion.”215  Micromotion in 
excess of 150 um has been shown to interfere with the biological process of implant stabilization 
via bone resorption and apposition. 216  
 The implants in this study were inserted into homogenous balsa wood to eliminate the 
variability of bone parameters on the primary stability of the implants. An in-vivo bone model 
would have increased the heterogeneity across the samples. Bone can present different density, 
hardness, and mechanical properties in the same segment, ultimately affecting the primary 
stability of the implant. CBCT analysis confirmed that Balsa wood was an adequate 
representation of poor quality bone similar to that found in the posterior Maxilla.  
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 The osteotomy was prepared using a drill press through a surgical guide. This was done 
to limit the variability in the drilling and placement of each implant. 
 The primary stability of the implants was calculated using Resonance Frequency 
Analysis (RFA), which is a noninvasive method to quantify the stability of an implant at time of 
placement as well as throughout the healing phase.217 ISQ values provide a reproducible 
assessment of the bone-implant interface.218  The stiffer the bone-implant interface, the higher 
the ISQ score.  
  Many studies in the literature have compared the stability of in different types of dental 
implants. However, the majority of these studies had many different variables among the 
implants tested. In this study, the only variable tested was the tapering body of a tapered dental 
implant compared to a parallel walled implant. All other variables such as thread geometry and 
pitch, surface composition and texture, and diameter and width were eliminated. This was done 
to accurately determine whether the tapered body allowed greater initial stability in poor quality 
bone. 
 The present study found ISQ scores for tapered implants to be higher than those for 
parallel walled implants. The conclusion was that tapered implants achieve greater initial 
stability than parallel walled implants in poor quality bone. Thus, the null hypothesis for this 
study was rejected. 
 These results are important because the implant surgeon has historically had greater 
implant complications and failures in the posterior maxilla, where the bone quality is the poorest. 
Additionally, with the increase in the amount of immediate placement and immediate loading, 
primary stability has become more of a necessity. Due to less surgeries and trauma, reduced 
overall treatment time, and decreased patient anxiety and discomfort immediate placement and 
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loading has become more popular. With that, the implant surgeon must try to achieve adequate 
primary stability in sites that are compromised by poor bone density and quality. By using a 
tapered design implant, the surgeon can increase the primary stability and overall success of 
dental implant therapy.  
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7.0 CHAPTER 5 
7.1 Conclusion 
Within the limits of this in vitro study, tapered design implants achieved higher primary 
stability in poor quality bone than parallel walled implants.  
 
7.2 Bibliography 
 
1 Grand View Research. Dental implants market size to reach $6.81 billion by 2024. September 
2016. 
 
2 Papaspyridakos, P., Chen, C. J., Singh, M., Weber, H. P., & Gallucci, G. O. (2012). Success 
criteria in implant dentistry: a systematic review. Journal of dental research, 91(3), 242-248. 
 
3 Resnik, R., & Misch, C. E. (2018). Misch's Avoiding Complications in Oral Implantology. 
Elsevier. 
 
4 Papaspyridakos, P., Chen, C. J., Chuang, S. K., Weber, H. P., & Gallucci, G. O. (2012). A 
systematic review of biologic and technical complications with fixed implant rehabilitations for 
edentulous patients. International Journal of Oral & Maxillofacial Implants, 27(1). 
5 Romanos, G. E. (2004). Surgical and prosthetic concepts for predictable immediate loading of 
oral implants. Journal of the California dental association, 32(12), 991-1001. 
6 Branemark PI, Hansson BO, Adell R, et al. Osseointegrated implants in the treatment of the 
edentulous jaw. Experience from a 10-year period. Scand J Plast Rest Surg Suppl. 1977. 
 
7 Branemark, P. I. (1985). Introduction to osseointegration. Tissue-integrated prostheses, 11-76.   
 
8 Resnik, R., & Misch, C. E. (2018). Misch's Avoiding Complications in Oral Implantology, Ch 
14 – Immediate Implant Placement Complications. Elsevier. 
 
 46 
 
9 Schwartz‐Arad, D., Herzberg, R., & Levin, L. (2005). Evaluation of long‐term implant success. 
Journal of periodontology, 76(10), 1623-1628. 
 
10 Rao, P. L., & Gill, A. (2012). Primary stability: The password of implant integration. Journal 
of Dental Implants, 2(2), 103. 
 
11 Atsumi, M., Park, S. H., & Wang, H. L. (2007). Methods used to assess implant stability: 
current status. International Journal of Oral & Maxillofacial Implants, 22(5). 
 
12 Ferro, K. J., Morgano, S. M., Driscoll, C. F., Freilich, M. A., Guckes, A. D., & Knoernschild, 
K. L. (2017). The glossary of prosthodontic terms. J Prosthet Dent, 117(5S), c1-e105. 
 
13 Albrektsson, T. (1983). Direct bone anchorage of dental implants. Journal of prosthetic 
dentistry, 50(2), 255-261. 
 
14 Szmukler‐Moncler, S., Salama, H., Reingewirtz, Y., & Dubruille, J. H. (1998). Timing of 
loading and effect of micromotion on bone–dental implant interface: review of experimental 
literature. Journal of biomedical materials research, 43(2), 192-203. 
 
15 Misch, C. E., Perel, M. L., Wang, H. L., Sammartino, G., Galindo-Moreno, P., Trisi, P., ... & 
Schwartz-Arad, D. (2008). Implant success, survival, and failure: the International Congress of 
Oral Implantologists (ICOI) pisa consensus conference. Implant dentistry, 17(1), 5-15. 
 
16  Brunski, J. B. (1993). Avoid pitfalls of overloading and micromotion of intraosseous 
implants. Dental implantology update, 4(10), 77-81. 
 
17 Brunski, J. B. (1992). Biomechanical factors affecting the bone-dental implant interface. 
Clinical materials, 10(3), 153-201. 
 
18 Friberg, B., Jemt, T., & Lekholm, U. (1991). Early failures in 4,641 consecutively placed 
Brånemark dental implants: a study from stage 1 surgerBergkvist G, Koh KJ, Sahlholm S, 
Klintstrom E, Lindh C. Bone density at implant sites and its y to the connection of completed 
prostheses. Int J Oral Maxillofac Implants, 6, 142-146. 
 
19 Marquezan, M., Osório, A., Sant'Anna, E., Souza, M. M., & Maia, L. (2012). Does bone 
mineral density influence the primary stability of dental implants? A systematic review. Clinical 
oral implants research, 23(7), 767-774. 
 
20 Misch, C. E. (1990). Density of bone: effect on treatment plans, surgical approach, healing, 
and progressive boen loading. The International journal of oral implantology: implantologist, 
6(2), 23. 
 
 47 
 
21 Lekholm U, Zarb GA. In: Patient selection and preparation. Tissue integrated prostheses: 
osseointegration in clinical dentistry. Branemark PI, Zarb GA, Albrektsson T, editor. Chicago: 
Quintessence Publishing Company; 1985. p. 199–209. 
 
22 Misch, C. E. (2001). Bone density. Implants and Restorative Dentistry, 79. 
 
23 Misch, C. E., Dietsh-Misch, F., Hoar, J., Beck, G., Hazen, R., & Misch, C. M. (1999). A bone 
quality–based implant system: first year of prosthetic loading. Journal of Oral Implantology, 
25(3), 185-197. 
 
24 Misch, C. E. (2007). Bone density: a key determinant for treatment planning. Contemporary 
implant dentistry. 3rd ed. St Louis: Mosby, 130-146. 
 
25 Misch CE. Bone density: a key determinant for treatment planning. In:Misch CE, ed. 
Contemporary Implant Dentistry. 3rd ed. St Louis, MO: Mosby Publishing Inc; 2008:135. 
26 Becker, W., Becker, B. E., Alsuwyed, A., & Al‐Mubarak, S. (1999). Long‐term evaluation of 
282 implants in maxillary and mandibular molar positions: a prospective study. Journal of 
Periodontology, 70(8), 896-901. 
 
27 Miyamoto, I., Tsuboi, Y., Wada, E., Suwa, H., & Iizuka, T. (2005). Influence of cortical bone 
thickness and implant length on implant stability at the time of surgery—clinical, prospective, 
biomechanical, and imaging study. Bone, 37(6), 776-780. 
 
28 Bashutski, J. D., D'Silva, N. J., & Wang, H. L. (2009). Implant compression necrosis: current 
understanding and case report. Journal of periodontology, 80(4), 700-704. 
 
29 Jaffin, R. A., & Berman, C. L. (1991). The excessive loss of Branemark fixtures in type IV 
bone: a 5‐year analysis. Journal of periodontology, 62(1), 2-4. 
 
30 Sennerby, L., Ödman, J., Lekholm, U., & Thilander, B. (1993). Tissue reactions towards 
titanium implants inserted in growing jaws. A histological study in the pig. Clinical oral 
implants research, 4(2), 65-75. 
 
31 Bhattacharyya, K. B. (2016). Godfrey Newbold Hounsfield (1919–2004): The man who 
revolutionized neuroimaging. Annals of Indian Academy of Neurology, 19(4), 448. 
 
32 Norton, M. R., & Gamble, C. (2001). Bone classification: an objective scale of bone density 
using the computerized tomography scan. Clinical oral implants research, 12(1), 79-84. 
 
33 Misch, C. E. (2007). Bone density: a key determinant for treatment planning. Contemporary 
implant dentistry. 3rd ed. St Louis: Mosby, 130-146. 
 
34 Pai, U. Y., Rodrigues, S. J., Talreja, K. S., & Mundathaje, M. (2018). Osseodensification-A 
novel approach in implant dentistry. Journal of Indian Prosthodontic Society, 18(3), 196-200. 
 48 
 
 
35 Friberg, B., Sennerby, L., Gröndahl, K., Bergström, C., Bäck, T., & Lekholm, U. (1999). On 
cutting torque measurements during implant placement: a 3‐year clinical prospective study. 
Clinical implant dentistry and related research, 1(2), 75-83. 
 
36 Alghamdi, H., Anand, P. S., & Anil, S. (2011). Undersized implant site preparation to enhance 
primary implant stability in poor bone density: a prospective clinical study. Journal of Oral and 
Maxillofacial Surgery, 69(12), e506-e512. 
 
37 Jimbo, R., Tovar, N., Anchieta, R. B., Machado, L. S., Marin, C., Teixeira, H. S., & Coelho, P. 
G. (2014). The combined effects of undersized drilling and implant macrogeometry on bone 
healing around dental implants: an experimental study. International journal of oral and 
maxillofacial surgery, 43(10), 1269-1275. 
 
38 Turkyilmaz, I., Aksoy, U., & McGlumphy, E. A. (2008). Two alternative surgical techniques 
for enhancing primary implant stability in the posterior maxilla: a clinical study including bone 
density, insertion torque, and resonance frequency analysis data. Clinical implant dentistry and 
related research, 10(4), 231-237. 
 
 
39 Tabassum, A., Meijer, G. J., Wolke, J. G., & Jansen, J. A. (2010). Influence of surgical 
technique and surface roughness on the primary stability of an implant in artificial bone with 
different cortical thickness: a laboratory study. Clinical oral implants research, 21(2), 213-220. 
 
40 Bilhan, H., Geckili, O., Mumcu, E., Bozdag, E., Sünbüloğlu, E., & Kutay, O. (2010). Influence 
of surgical technique, implant shape and diameter on the primary stability in cancellous bone. 
Journal of oral rehabilitation, 37(12), 900-907. 
 
41 Trisi, P., Todisco, M., Consolo, U., & Travaglini, D. (2011). High versus low implant insertion 
torque: a histologic, histomorphometric, and biomechanical study in the sheep mandible. 
International Journal of Oral & Maxillofacial Implants, 26(4). 
 
42 Summers, R. B. (1994). A new concept in maxillary implant surgery: the osteotome technique. 
Compendium (Newtown, Pa.), 15(2), 152-154. 
 
43 M. G. Le Gall (2004). Localized sinus elevation and osteocompression with single-stage 
tapered dental implants: technical note,”International Journal of Oral andMaxillofacial 
Implants, 19(3), 431–437. 
 
44 Shayesteh, Y. S., Khojasteh, A., Siadat, H., Monzavi, A., Bassir, S. H., Hossaini, M., & 
Alikhasi, M. (2013). A comparative study of crestal bone loss and implant stability between 
osteotome and conventional implant insertion techniques: a randomized controlled clinical trial 
study. Clinical implant dentistry and related research, 15(3), 350-357. 
 
 49 
 
45 Marković, A., Calvo‐Guirado, J. L., Lazić, Z., Gómez‐Moreno, G., Ćalasan, D., Guardia, J., ... 
& Janjić, B. (2013). Evaluation of primary stability of self‐tapping and non‐self‐tapping dental 
implants. A 12‐week clinical study. Clinical implant dentistry and related research, 15(3), 341-
349. 
 
46 Shadid, R. M., Sadaqah, N. R., & Othman, S. A. (2014). Does the implant surgical technique 
affect the primary and/or secondary stability of dental implants? A systematic review. 
International journal of dentistry, 2014. 
 
47 Padmanabhan, T. V., & Gupta, R. K. (2010). Comparison of crestal bone loss and implant 
stability among the implants placed with conventional procedure and using osteotome technique: 
a clinical study. Journal of Oral Implantology, 36(6), 475-483. 
 
48 Bertollo, N., & Walsh, W. R. (2011). Drilling of bone: practicality, limitations and 
complications associated with surgical drill-bits. Biomechanics in applications, 53-83. 
 
49 Huwais, S., & Meyer, E. G. (2017). A Novel Osseous Densification Approach in Implant 
Osteotomy Preparation to Increase Biomechanical Primary Stability, Bone Mineral Density, and 
Bone-to-Implant Contact. International Journal of Oral & Maxillofacial Implants, 32(1). 
 
50 Podaropoulos, L. (2017). Increasing the stability of dental implants: The concept of 
osseodensification. Balkan Journal of Dental Medicine, 21(3), 133-140. 
 
51 Lahens, B., Neiva, R., Tovar, N., Alifarag, A. M., Jimbo, R., Bonfante, E. A., ... & Coelho, P. 
G. (2016). Biomechanical and histologic basis of osseodensification drilling for endosteal 
implant placement in low density bone. An experimental study in sheep. journal of the 
mechanical behavior of biomedical materials, 63, 56-65. 
 
52 Trisi, P., Berardini, M., Falco, A., & Vulpiani, M. P. (2016). New osseodensification implant 
site preparation method to increase bone density in low-density bone: In vivo evaluation in 
sheep. Implant dentistry, 25(1), 24. 
 
53 Wang, L., Wu, Y., Perez, K. C., Hyman, S., Brunski, J. B., Tulu, U., ... & Helms, J. A. (2017). 
Effects of condensation on peri-implant bone density and remodeling. Journal of dental 
research, 96(4), 413-420. 
 
54 Almutairi, A. S., Walid, M. A., & Alkhodary, M. A. (2018). The effect of osseodensification 
and different thread designs on the dental implant primary stability. F1000Research, 7. 
 
55 Osseotech. Densah Burs – OsseoDensification. Retrieved from www.osseotech.com 
 
56 Shah, F. A., Thomsen, P., & Palmquist, A. (2018). Osseointegration and current interpretations 
of the bone-implant interface. Acta biomaterialia. 
 50 
 
 
57 Gao, X., Fraulob, M., & Haïat, G. (2019). Biomechanical behaviours of the bone–implant 
interface: a review. Journal of the Royal Society Interface, 16(156), 20190259. 
 
58 Villar, C. C., Huynh‐Ba, G., Mills, M. P., & Cochran, D. L. (2011). Wound healing around 
dental implants. Endodontic Topics, 25(1), 44-62. 
 
59 Monov, G., Fuerst, G., Tepper, G., Watzak, G., Zechner, W., & Watzek, G. (2005). The effect 
of platelet‐rich plasma upon implant stability measured by resonance frequency analysis in the 
lower anterior mandibles: A pilot study. Clinical oral implants research, 16(4), 461-465. 
 
60 Raghavendra, S., Wood, M. C., & Taylor, T. D. (2005). Early wound healing around 
endosseous implants: a review of the literature. International Journal of Oral & Maxillofacial 
Implants, 20(3). 
 
61 Sennerby, L. (2015). Resonance frequency analysis for implant stability measurements. A 
review. Integration Diagn Update, 1, 11. 
 
62  Çehreli, M., Şahin, S., & Akça, K. (2004). Role of mechanical environment and implant 
design on bone tissue differentiation: current knowledge and future contexts. Journal of 
dentistry, 32(2), 123-132. 
 
63 Atsumi, M., Park, S. H., & Wang, H. L. (2007). Methods used to assess implant stability: 
current status. International Journal of Oral & Maxillofacial Implants, 22(5). 
 
64 Brånemark, R., Öhrnell, L. O., Skalak, R., Carlsson, L., & Brånemark, P. I. (1998). 
Biomechanical characterization of osseointegration: an experimental in vivo investigation in the 
beagle dog. Journal of orthopaedic research, 16(1), 61-69. 
 
65 Atsumi, M., Park, S. H., & Wang, H. L. (2007). Methods used to assess implant stability: 
current status. International Journal of Oral & Maxillofacial Implants, 22(5). 
 
66 Jokstad, A., Braegger, U., Brunski, J. B., Carr, A. B., Naert, I., & Wennerberg, A. (2003). 
Quality of dental implants. International dental journal, 53(S6P2), 409-443. 
 
67 Jokstad, A., & Ganeles, J. (2018). Systematic review of clinical and patient‐reported outcomes 
following oral rehabilitation on dental implants with a tapered compared to a non‐tapered 
implant design. Clinical oral implants research, 29, 41-54. 
 
68 Misch, C. E. (1990). Density of bone: effect on treatment plans, surgical approach, healing, 
and progressive boen loading. The International journal of oral implantology: implantologist, 
6(2), 23. 
 
 51 
 
69 Ogle, O. E. (2015). Implant surface material, design, and osseointegration. Dental Clinics, 
59(2), 505-520. 
 
70 Chong, L., Khocht, A., Suzuki, J. B., & Gaughan, J. (2009). Effect of implant design on initial 
stability of tapered implants. Journal of oral Implantology, 35(3), 130-135. 
 
71 Fazel, A., Aalai, S., & Rismanchian, M. (2009). Effect of macro-design of immediately loaded 
implants on micromotion and stress distribution in surrounding bone using finite element 
analysis. Implant dentistry, 18(4), 345-352. 
 
72 Romanos, G. E., Damouras, M., Veis, A., Schwarz, F., & Parisis, N. (2008). Dental implant 
design and primary stability. A histomorphometric evaluation. In 42nd annual meeting, 
International Association of Dental Research meeting Continental European Division 
Thessaloniki. 
 
73 Rocci, A., Martignoni, M., & Gottlow, J. (2003). Immediate loading of Brånemark System® 
TiUnite™ and machined‐surface implants in the posterior mandible: a randomized open‐ended 
clinical trial. Clinical Implant Dentistry and Related Research, 5, 57-63. 
 
74 Ormianer, Z., & Palti, A. (2006). Long-term clinical evaluation of tapered multi-threaded 
implants: results and influences of potential risk factors. Journal of Oral Implantology, 32(6), 
300-307. 
 
75 O'Sullivan, D., Sennerby, L., & Meredith, N. (2000). Measurements comparing the initial 
stability of five designs of dental implants: a human cadaver study. Clinical implant dentistry 
and related research, 2(2), 85-92. 
 
76 Hall, J., Miranda‐Burgos, P., & Sennerby, L. (2005). Stimulation of directed bone growth at 
oxidized titanium implants by macroscopic grooves: an in vivo study. Clinical implant dentistry 
and related research, 7, s76-s82. 
 
77 Tarnow, D. P., Emtiaz, S., & Classi, A. (1997). Immediate loading of threaded implants at 
stage 1 surgery in edentulous arches: ten consecutive case reports with 1-to 5-year data. 
International Journal of Oral & Maxillofacial Implants, 12(3). 
 
78 Araújo, M. G., Sukekava, F., Wennström, J. L., & Lindhe, J. (2005). Ridge alterations 
following implant placement in fresh extraction sockets: an experimental study in the dog. 
Journal of clinical periodontology, 32(6), 645-652. 
 
79 Vandamme, K., Naert, I., Geris, L., Sloten, J. V., Puers, R., & Duyck, J. (2007). Influence of 
controlled immediate loading and implant design on peri‐implant bone formation. Journal of 
clinical periodontology, 34(2), 172-181. 
 
 52 
 
80 Watzak, G., Zechner, W., Ulm, C., Tangl, S., Tepper, G., & Watzek, G. (2005). Histologic and 
histomorphometric analysis of three types of dental implants following 18 months of occlusal 
loading: a preliminary study in baboons. Clinical Oral Implants Research, 16(4), 408-416. 
 
81 1888Implant.com (2012). Dental Implant Types. Retrieved from 
http://www.1888implant.com/mobile/dental_implants.html 
 
82 Hahn, J. (1998). Indications for the use of tapered dental implants. The Alpha omegan, 91(4), 
39-44. 
 
83 Kosinski, T. F. (1999). Treatment of missing laterals using tapered implants. Dentistry today, 
18(11), 94-6. 
 
84 Vogel, R. E., Wheeler, S. L., & Casellini, R. C. (1999). Restoration of congenitally missing 
lateral incisors: a case report. Implant dentistry, 8(4), 390-395. 
 
 
85 Callan, D. P., Hahn, J., Hebel, K., Kwong-Hing, A., Smiler, D., Vassos, D. M., ... & Zosky, J. 
(2000). Retrospective multicenter study of an anodized, tapered, diminishing thread implant: 
success rate at exposure. Implant dentistry, 9(4), 329-336. 
 
86 Minsk L (2002). Clinical advantages of tapered root form dental implants. Compend Contin 
Educat Dent 2002 
 
87 Khayat, P. G., & Milliez, S. N. (2007). Prospective clinical evaluation of 835 multithreaded 
tapered screw-vent implants: results after two years of functional loading. Journal of Oral 
Implantology, 33(4), 225-231. 
 
88 Atieh, M. A., Alsabeeha, N., & Duncan, W. J. (2018). Stability of tapered and parallel‐walled 
dental implants: a systematic review and meta‐analysis. Clinical implant dentistry and related 
research, 20(4), 634-645. 
 
89 Martinez, H., Davarpanah, M., Missika, P., Celletti, R., & Lazzara, R. (2001). Optimal implant 
stabilization in low density bone. Clinical Oral Implants Research, 12(5), 423-432. 
 
90 Schiegnitz, E., Al‐Nawas, B., Tegner, A., Sagheb, K., Berres, M., Kämmerer, P. W., & 
Wagner, W. (2016). Clinical and radiological long‐term outcome of a tapered implant system 
with special emphasis on the influence of augmentation procedures. Clinical implant dentistry 
and related research, 18(4), 810-820. 
 
91 Chong, L., Khocht, A., Suzuki, J. B., & Gaughan, J. (2009). Effect of implant design on initial 
stability of tapered implants. Journal of oral Implantology, 35(3), 130-135. 
 
 53 
 
92 O'Sullivan, D., Sennerby, L., & Meredith, N. (2004). Influence of implant taper on the primary 
and secondary stability of osseointegrated titanium implants. Clinical oral implants research, 
15(4), 474-480. 
 
93 O'Sullivan, D., Sennerby, L., & Meredith, N. (2000). Measurements comparing the initial 
stability of five designs of dental implants: a human cadaver study. Clinical implant dentistry 
and related research, 2(2), 85-92. 
 
94 O'Sullivan, D., Sennerby, L., & Meredith, N. (2004). Influence of implant taper on the primary 
and secondary stability of osseointegrated titanium implants. Clinical oral implants research, 
15(4), 474-480. 
 
95 Menicucci, G., Pachiè, E., Lorenzetti, M., Migliaretti, G., & Carossa, S. (2012). Comparison 
of primary stability of straight-walled and tapered implants using an insertion torque device. 
International journal of prosthodontics, 25(5). 
 
96 Lozano-Carrascal, N., Salomó-Coll, O., Gilabert-Cerdà, M., Farré-Pagés, N., Gargallo-Albiol, 
J., & Hernández-Alfaro, F. (2016). Effect of implant macro-design on primary stability: A 
prospective clinical study. Medicina oral, patologia oral y cirugia bucal, 21(2), e214. 
 
97 Romanos, G. E., Basha‐Hijazi, A., Gupta, B., Ren, Y. F., & Malmstrom, H. (2014). Role of 
clinician's experience and implant design on implant stability. An ex vivo study in artificial soft 
bones. Clinical implant dentistry and related research, 16(2), 166-171. 
 
98 Barikani, H., Rashtak, S., Akbari, S., Fard, M. K., & Rokn, A. (2014). The effect of shape, 
length and diameter of implants on primary stability based on resonance frequency analysis. 
Dental research journal, 11(1), 87. 
 
99 García-Vives, N., Andrés-García, R., Rios-Santos, V., Fernández-Palacín, A., Bullón-
Fernández, P., Herrero-Climent, M., & Herrero-Climent, F. (2009). In vitro evaluation of the 
type of implant bed preparation with osteotomes in bone type IV and its influence on the stability 
of two implant systems. Med Oral Patol Oral Cir Bucal, 14(9), e455-60. 
 
100 Garber, D. A., Salama, H., & Salama, M. A. (2001). Two‐Stage Versus One‐Stage—Is There 
Really a Controversy?. Journal of Periodontology, 72(3), 417-421. 
 
101 Rokn, A. R., Ghahroudi, A. R., Mesgarzadeh, A., Miremadi, A. A., & Yaghoobi, S. (2011). 
Evaluation of stability changes in tapered and parallel wall implants: a human clinical trial. 
Journal of dentistry (Tehran, Iran), 8(4), 186. 
 
102 Coutant, J. C., Seguela, V., Hauret, L., Caix, P., & Ella, B. (2014). Assessment of the 
correlation between implant stability and bone density by computed tomography and resonance 
frequency analysis in fresh cadavers. International Journal of Oral & Maxillofacial Implants, 
29(6). 
 54 
 
 
103 George A, Khalil A, Hassan N (2015). Comparison between cylinder and tapered implants in 
delayed immediate placement. Alexandria Dental Journal.  
 
104 Åstrand, P., Billström, C., Feldmann, H., Fischer, K., Henricsson, V., Johansson, B., ... & 
Sunzel, B. (2003). Tapered Implants in Jaws with Soft Bone Quality: A Clinical and 
Radiographie 1‐Year Study of the Brånemark System Mark IV Fixture. Clinical implant 
dentistry and related research, 5(4), 213-218. 
 
105 Friberg, B., Jisander, S., Widmark, G., Lundgren, A., Ivanoff, C. J., Sennerby, L., & Thorén, 
C. (2003). One‐year prospective three‐center study comparing the outcome of a “soft bone 
implant”(prototype Mk IV) and the standard Brånemark implant. Clinical implant dentistry and 
related research, 5(2), 71-77. 
 
106 Glauser, R., Ree, A., Lundgren, A., Gottlow, J., Hammerle, C. H., & Scharer, P. (2001). 
Immediate occlusal loading of Brånemark implants applied in various jawbone regions: a 
prospective, 1‐year clinical study. Clinical implant dentistry and related research, 3(4), 204-213. 
 
107 Morris, H. F., Ochi, S., Crum, P., Orenstein, I. H., & Winkler, S. (2004). AICRG, Part I: A 6-
year multicentered, multidisciplinary clinical study of a new and innovative implant design. 
Journal of Oral Implantology, 30(3), 125-133. 
 
108 Siegele, D., & Soltesz, U. (1989). Numerical investigations of the influence of implant shape 
on stress distribution in the jaw bone. International Journal of Oral & Maxillofacial Implants, 
4(4). 
 
109 Glauser, R., Sennerby, L., Meredith, N., Rée, A., Lundgren, A., Gottlow, J., & Hämmerle, C. 
H. (2004). Resonance frequency analysis of implants subjected to immediate or early functional 
occlusal loading: successful vs. failing implants. Clinical oral implants research, 15(4), 428-434. 
 
110 Campos, F. E., Gomes, J. B., Marin, C., Teixeira, H. S., Suzuki, M., Witek, L., ... & Coelho, 
P. G. (2012). Effect of drilling dimension on implant placement torque and early 
osseointegration stages: an experimental study in dogs. Journal of Oral and Maxillofacial 
Surgery, 70(1), e43-e50. 
 
111 Ueda, M., Matsuki, M., Jacobsson, M., & Tjellström, A. (1991). The Relationship Between 
Insertion Torque and Removal Torque Analyzed in Fresh Temporal Bone. International Journal 
of Oral & Maxillofacial Implants, 6(4). 
 
112 Menicucci, G., Pachiè, E., Lorenzetti, M., Migliaretti, G., & Carossa, S. (2012). Comparison 
of primary stability of straight-walled and tapered implants using an insertion torque device. 
International journal of prosthodontics, 25(5). 
 
 55 
 
113 Petrie, C. S., & Williams, J. L. (2005). Comparative evaluation of implant designs: influence 
of diameter, length, and taper on strains in the alveolar crest: A three‐dimensional finite‐element 
analysis. Clinical oral implants research, 16(4), 486-494. 
 
114 Siegele, D., & Soltesz, U. (1989). Numerical investigations of the influence of implant shape 
on stress distribution in the jaw bone. International Journal of Oral & Maxillofacial Implants, 
4(4). 
 
115 Khayat, P. G., & Milliez, S. N. (2007). Prospective clinical evaluation of 835 multithreaded 
tapered screw-vent implants: results after two years of functional loading. Journal of Oral 
Implantology, 33(4), 225-231. 
 
116 Crespi, R., Cappare, P., & Gherlone, E. (2009). Dental implants placed in extraction sites 
grafted with different bone substitutes: Radiographic evaluation at 24 months. Journal of 
Periodontology, 80(10), 1616-1621. 
 
117 Weng, D., Hoffmeyer, M., Hürzeler, M. B., & Richter, E. J. (2003). Osseotite® vs. machined 
surface in poor bone quality: A study in dogs. Clinical oral implants research, 14(6), 703-708. 
 
118 Veis, A. A., Papadimitriou, S., Trisi, P., Tsirlis, A. T., Parissis, N. A., & Kenealy, J. N. 
(2007). Osseointegration of Osseotite® and machined‐surfaced titanium implants in membrane‐
covered critical‐sized defects: a histologic and histometric study in dogs. Clinical oral implants 
research, 18(2), 153-160. 
 
119 Romanos, G. E., Toh, C. G., Siar, C. H., Swaminathan, D., & Ong, A. H. (2002). Histologic 
and histomorphometric evaluation of peri-implant bone subjected to immediate loading: an 
experimental study with Macaca fascicularis. International Journal of Oral & Maxillofacial 
Implants, 17(1). 
 
120 Davies, J. E. (1998). Mechanisms of endosseous integration. International Journal of 
Prosthodontics, 11(5). 
 
121 Veis, A. A., Papadimitriou, S., Trisi, P., Tsirlis, A. T., Parissis, N. A., & Kenealy, J. N. 
(2007). Osseointegration of Osseotite® and machined‐surfaced titanium implants in membrane‐
covered critical‐sized defects: a histologic and histometric study in dogs. Clinical oral implants 
research, 18(2), 153-160. 
 
122 Garber, D. A., Salama, M. A., & Salama, H. (2001). Immediate total tooth replacement. 
Compendium, 22(3), 210-218. 
 
 56 
 
123 Franchi, M., Bacchelli, B., Giavaresi, G., De Pasquale, V., Martini, D., Fini, M., ... & 
Ruggeri, A. (2007). Influence of different implant surfaces on peri‐implant osteogenesis: 
histomorphometric analysis in sheep. Journal of periodontology, 78(5), 879-888. 
 
124  Guizzardi, S., Galli, C., Martini, D., Belletti, S., Tinti, A., Raspanti, M., ... & Scandroglio, R. 
(2004). Different titanium surface treatment influences human mandibular osteoblast response. 
Journal of periodontology, 75(2), 273-282. 
 
125 Khang, W., Feldman, S., Hawley, C. E., & Gunsolley, J. (2001). A multi‐center study 
comparing dual acid‐etched and machined‐surfaced implants in various bone qualities. Journal 
of Periodontology, 72(10), 1384-1390. 
 
126 Ivanoff, C. J., Grondahl, K., Sennerby, L., Bergstrom, C., & Lekholm, U. (1999). Influence of 
variations in implant diameters: a 3-to 5-year retrospective clinical report. International Journal 
of Oral and Maxillofacial Implants, 14(2), 173-180. 
 
127 Brunski, J. B. (1988). Biomechanical considerations in dental implant design. The 
International journal of oral implantology: implantologist, 5(1), 31. 
 
128 Falco, A., Berardini, M., & Trisi, P. (2018). Correlation Between Implant Geometry, Implant 
Surface, Insertion Torque, and Primary Stability: In Vitro Biomechanical Analysis. International 
Journal of Oral & Maxillofacial Implants, 33(4). 
 
129 Trisi, P., Berardini, M., Falco, A., & Vulpiani, M. P. (2015). Effect of implant thread 
geometry on secondary stability, bone density, and bone-to-implant contact: a biomechanical and 
histological analysis. Implant dentistry, 24(4), 384-391. 
 
130 Abuhussein, H., Pagni, G., Rebaudi, A., & Wang, H. L. (2010). The effect of thread pattern 
upon implant osseointegration. Clinical oral implants research, 21(2), 129-136. 
 
131 Steigenga, J. T., Al-Shammari, K. F., Nociti, F. H., Misch, C. E., & Wang, H. L. (2003). 
Dental implant design and its relationship to long-term implant success. Implant dentistry, 12(4), 
306-317. 
 
132Abuhussein, H., Pagni, G., Rebaudi, A., & Wang, H. L. (2010). The effect of thread pattern 
upon implant osseointegration. Clinical oral implants research, 21(2), 129-136. 
 
133 Chang, P. K., Chen, Y. C., Huang, C. C., Lu, W. H., Chen, Y. C., & Tsai, H. H. (2012). 
Distribution of micromotion in implants and alveolar bone with different thread profiles in 
immediate loading: a finite element study. International Journal of Oral & Maxillofacial 
Implants, 27(6). 
 
 57 
 
134 Nkenke, E., Hahn, M., Weinzierl, K., Radespiel‐Tröger, M., Neukam, F. W., & Engelke, K. 
(2003). Implant stability and histomorphometry: a correlation study in human cadavers using 
stepped cylinder implants. Clinical Oral Implants Research, 14(5), 601-609. 
 
135 Swami, V., Vijayaraghavan, V., & Swami, V. (2016). Current trends to measure implant 
stability. The Journal of the Indian Prosthodontic Society, 16(2), 124. 
 
136 Misch, C. E. (2005). Dental Implant Prosthetics. St Louis: Mosby, 18-31. 
 
137 Bernhardt, R., Kuhlisch, E., Schulz, M. C., Eckelt, U., & Stadlinger, B. (2012). Comparison 
of bone-implant contact and bone-implant volume between 2D-histological sections and 3D-
SRμCT slices. Eur Cell Mater, 23, 237-247. 
 
138 Wyatt, C. C., & Pharoah, M. J. (1998). Imaging techniques and image interpretation for 
dental implant treatment. International Journal of Prosthodontics, 11(5). 
 
139 Atsumi, M., Park, S. H., & Wang, H. L. (2007). Methods used to assess implant stability: 
current status. International Journal of Oral & Maxillofacial Implants, 22(5). 
 
140 Meredith, N., Alleyne, D., & Cawley, P. (1996). Quantitative determination of the stability of 
the implant‐tissue interface using resonance frequency analysis. Clinical oral implants research, 
7(3), 261-267. 
 
141 Resnik, R., & Misch, C. E. (2018). Ch 4- Radiographic Complications and Evaluation: 
Misch's Avoiding Complications in Oral Implantology. Elsevier. 
 
142 Branemark, P. I. (1985). Surgical Procedures. Tissue-integrated prostheses.   
 
143 Mistry, G., Shetty, O., Shetty, S., & Singh, R. D. (2014). Measuring implant stability: A 
review of different methods. Journal of Dental Implants, 4(2), 165. 
 
144 Huang, H. M., Pan, L. C., Lee, S. Y., Chiu, C. L., Fan, K. H., & Ho, K. N. (2000). Assessing 
the implant/bone interface by using natural frequency analysis. Oral Surgery, Oral Medicine, 
Oral Pathology, Oral Radiology, and Endodontology, 90(3), 285-291. 
 
145 Johansson, P. (1994). Assessment of bone quality from cutting resistance during implant 
surgery. Int J Oral Maxillofac Implants, 9, 279-288. 
 
146 Branemark, P. I. (1985). Patient Selection. Tissue-integrated prostheses. 199-209 
 
147 Greenstein, G., & Cavallaro, J. (2017). Implant Insertion Torque: Its Role in Achieving 
Primary Stability of Restorable Dental Implants. Compendium of continuing education in 
dentistry (Jamesburg, NJ: 1995), 38(2), 88-95. 
 
 58 
 
148 Ottoni, J. M. P., Oliveira, Z. F. L., Mansini, R., & Cabral, A. M. (2005). Correlation between 
placement torque and survival of single-tooth implants. International Journal of Oral & 
Maxillofacial Implants, 20(5). 
 
149 Barewal, R. M., Stanford, C., & Weesner, T. C. (2012). A randomized controlled clinical trial 
comparing the effects of three loading protocols on dental implant stability. International 
Journal of Oral & Maxillofacial Implants, 27(4). 
 
150 Campos, F. E., Gomes, J. B., Marin, C., Teixeira, H. S., Suzuki, M., Witek, L., ... & Coelho, 
P. G. (2012). Effect of drilling dimension on implant placement torque and early 
osseointegration stages: an experimental study in dogs. Journal of Oral and Maxillofacial 
Surgery, 70(1), e43-e50. 
 
151 Bashutski, J. D., D'Silva, N. J., & Wang, H. L. (2009). Implant compression necrosis: current 
understanding and case report. Journal of periodontology, 80(4), 700-704. 
 
152 Lim, S. A., Cha, J. Y., & Hwang, C. J. (2008). Insertion torque of orthodontic miniscrews 
according to changes in shape, diameter and length. The Angle Orthodontist, 78(2), 234-240. 
 
 
153 Norton, M. R. (2017). The Influence of Low Insertion Torque on Primary Stability, Implant 
Survival, and Maintenance of Marginal Bone Levels: A Closed-Cohort Prospective Study. 
International Journal of Oral & Maxillofacial Implants, 32(4). 
 
154 Norton, M. R. (2011). The influence of insertion torque on the survival of immediately placed 
and restored single-tooth implants. International Journal of Oral & Maxillofacial Implants, 
26(6). 
 
155 Friberg, B., Sennerby, L., Roos, J., & Lekholm, U. (1995). Identification of bone quality in 
conjunction with insertion of titanium implants. A pilot study in jaw autopsy specimens. Clinical 
oral implants research, 6(4), 213-219. 
 
156 Swami, V., Vijayaraghavan, V., & Swami, V. (2016). Current trends to measure implant 
stability. The Journal of the Indian Prosthodontic Society, 16(2), 124. 
 
157 George A, Khalil A, Hassan N (2015). Comparison between cylinder and tapered implants in 
delayed immediate placement. Alexandria Dental Journal.  
 
158 Rabel, A., Köhler, S. G., & Schmidt-Westhausen, A. M. (2007). Clinical study on the primary 
stability of two dental implant systems with resonance frequency analysis. Clinical oral 
investigations, 11(3), 257-265. 
 
 59 
 
159 Roberts, W. E., Smith, R. K., Zilberman, Y., Mozsary, P. G., & Smith, R. S. (1984). Osseous 
adaptation to continuous loading of rigid endosseous implants. American journal of orthodontics, 
86(2), 95-111. 
 
160 Johansson, C. B., & Albrektsson, T. (1991). A removal torque and histomorphometric study 
of commercially pure niobium and titanium implants in rabbit bone. Clinical oral implants 
research, 2(1), 24-29. 
 
161 Sullivan DY, Sherwood RL, Collins TA, Krogh PH (1996). The reverse-torque test: a clinical 
report. Int J Oral Maxillofac Implants. 11:179-85. 
 
162 Atsumi, M., Park, S. H., & Wang, H. L. (2007). Methods used to assess implant stability: 
current status. International Journal of Oral & Maxillofacial Implants, 22(5). 
 
163 Schulte, W. (1983). Periotest-a new measurement process for periodontal function. Zahnarztl 
Mitt, 73, 1229-1240. 
 
164 Manz, M. C., Morris, H. F., & Ochi, S. (1992). An evaluation of the Periotest system. Part I: 
Examiner reliability and repeatability of readings. Dental Implant Clinical Group (Planning 
Committee). Implant dentistry, 1(2), 142-146. 
 
165 Teerlinck, J., Quirynen, M., Darius, P., & van Steenberghe, D. (1991). Periotest⇔: An 
Objective Clinical Diagnosis of Bone Apposition Toward Implants. International Journal of 
Oral & Maxillofacial Implants, 6(1). 
 
166 Olivé, J., & Aparicio, C. (1990). The periotest method as a measure of osseointegrated oral 
implant stability. International Journal of Oral & Maxillofacial Implants, 5(4). 
 
167 Tricio, J., Naert, I., & Nys, M. (1995). Damping characteristics of bone-to-implant interfaces. 
A clinical study with the Periotest device. Clinical oral implants research, 6(1), 31-39. 
 
168 Dilek, O., Tezulas, E., & Dincel, M. (2008). Required minimum primary stability and torque 
values for immediate loading of mini dental implants: an experimental study in nonviable bovine 
femoral bone. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and 
Endodontology, 105(2), e20-e27. 
 
169 Abboud, M., Koeck, B., Stark, H., Wahl, G., & Paillon, R. (2005). Immediate loading of 
single-tooth implants in the posterior region. Int J Oral Maxillofac Implants, 20(1), 61-8. 
 
170 Romanos, G. E., & Nentwig, G. H. (2009). Immediate functional loading in the maxilla using 
implants with platform switching: five-year results. International Journal of Oral & 
Maxillofacial Implants, 24(6). 
 
 60 
 
171 Van Steenberghe, D., & Quirynen, M. (1993). Reproducibility and detection threshold of 
peri-implant diagnostics. Advances in dental research, 7(2), 191-195. 
 
172 Park, J. C., Lee, J. W., Kim, S. M., & Lee, J. H. (2011). Implant stability—measuring devices 
and randomized clinical trial for ISQ value change pattern measured from two different 
directions by magnetic RFA. Rapidly Evolving Practice, 5, 111-30. 
 
173 Meredith, N., Friberg, B., Sennerby, L., & Aparicio, C. (1998). Relationship between contact 
time measurements and PTV values when using the Periotest to measure implant stability. 
International Journal of Prosthodontics, 11(3). 
 
174 Ito, Y., Sato, D., Yoneda, S., Ito, D., Kondo, H., & Kasugai, S. (2008). Relevance of 
resonance frequency analysis to evaluate dental implant stability: simulation and 
histomorphometrical animal experiments. Clinical oral implants research, 19(1), 9-14. 
 
175 Bilhan, H., Cilingir, A., Bural, C., Bilmenoglu, C., Sakar, O., & Geckili, O. (2015). The 
evaluation of the reliability of periotest for implant stability measurements: An in vitro study. 
Journal of Oral Implantology, 41(4), e90-e95. 
 
176 Johansson, P. (1994). Assessment of bone quality from cutting resistance during implant 
surgery. Int J Oral Maxillofac Implants, 9, 279-288. 
 
177 Friberg, B., Sennerby, L., Meredith, N., & Lekholm, U. (1999). A comparison between 
cutting torque and resonance frequency measurements of maxillary implants: A 20-month 
clinical study. International journal of oral and maxillofacial surgery, 28(4), 297-303. 
 
178 Huang, H. M., Cheng, K. Y., Chen, C. F., Ou, K. L., Lin, C. T., & Lee, S. Y. (2005). Design 
of a stability-detecting device for dental implants. Proceedings of the Institution of Mechanical 
Engineers, Part H: Journal of Engineering in Medicine, 219(3), 203-211. 
 
179 O'Sullivan, D., Sennerby, L., Jagger, D., & Meredith, N. (2004). A comparison of two 
methods of enhancing implant primary stability. Clinical implant dentistry and related research, 
6(1), 48-57. 
 
180 Meredith, N., Alleyne, D., & Cawley, P. (1996). Quantitative determination of the stability of 
the implant‐tissue interface using resonance frequency analysis. Clinical oral implants research, 
7(3), 261-267. 
 
181 Cawley, P., Pavlakovic, B., Alleyne, D. N., George, R., Back, T., & Meredith, N. (1998). The 
design of a vibration transducer to monitor the integrity of dental implants. Proceedings of the 
Institution of Mechanical Engineers, Part H: Journal of Engineering in Medicine, 212(4), 265-
272. 
 61 
 
 
182 Pagliani, L., Sennerby, L., Petersson, A., Verrocchi, D., Volpe, S., & Andersson, P. (2013). 
The relationship between resonance frequency analysis (RFA) and 250 
 displacement of dental implants: an in vitro study. Journal of oral rehabilitation, 40(3), 221-
227. 
 
183 Soni G, Bhutada G, Borkar S, Baisane V et al. (2017). Implant Stability Measurement using 
Resonance Frequency Analysis: A Review Update. Int J of Oral Health and Medical Research, 
3(5). 
 
184 Valderrama, P., Oates, T. W., Jones, A. A., Simpson, J., Schoolfield, J. D., & Cochran, D. L. 
(2007). Evaluation of two different resonance frequency devices to detect implant stability: a 
clinical trial. Journal of periodontology, 78(2), 262-272. 
 
185 Meredith, N. (1998). Assessment of implant stability as a prognostic determinant. 
International Journal of Prosthodontics, 11(5). 
 
186 Patil, R., & Bharadwaj, D. (2016). Is primary stability a predictable parameter for loading 
implant?. Journal of the International Clinical Dental Research Organization, 8(1), 84. 
 
187 Scarano, A., Degidi, M., Iezzi, G., Petrone, G., & Piattelli, A. (2006). Correlation between 
implant stability quotient and bone‐implant contact: a retrospective histological and 
histomorphometrical study of seven titanium implants retrieved from humans. Clinical implant 
dentistry and related research, 8(4), 218-222. 
 
188 Muhamed, A. H., Georges, C., Mustafa, M., & Abdulgani, A. (2017). Implant stability: 
methods and recent advances. IOSR Journal of Dental and Medical Sciences, 16(8), 13-23. 
 
189 Zix, J., Hug, S., Kessler-Liechti, G., & Mericske-Stern, R. (2008). Measurement of dental 
implant stability by resonance frequency analysis and damping capacity assessment: comparison 
of both techniques in a clinical trial. International journal of oral & maxillofacial implants, 
23(3). 
 
190 Meredith, N., Shagaldi, F., Alleyne, D., Sennerby, L., & Cawley, P. (1997). The application 
of resonance frequency measurements to study the stability of titanium implants during healing 
in the rabbit tibia. Clinical oral implants research, 8(3), 234-243. 
 
191 Heo, S. J., Sennerby, L., Odersjö, M., Granström, G., Tjellström, A., & Meredith, N. (1998). 
Stability Measurements of craniofacial implants by means of resonance frequency anaysis. 
 
192 Sennerby, L. (2015). Resonance frequency analysis for implant stability measurements. A 
review. Integration Diagn Update, 1, 11. 
 
 
 62 
 
193 Meredith, N. (1998). Assessment of implant stability as a prognostic determinant. 
International Journal of Prosthodontics, 11(5). 
 
194 Sennerby, L. (2015). Resonance frequency analysis for implant stability measurements. A 
review. Integration Diagn Update, 1, 11. 
 
195 Javed, F., & Romanos, G. E. (2010). The role of primary stability for successful immediate 
loading of dental implants. A literature review. Journal of dentistry, 38(8), 612-620. 
 
196 Becker, W., Sennerby, L., Bedrossian, E., Becker, B. E., & Lucchini, J. P. (2005). Implant 
stability measurements for implants placed at the time of extraction: a cohort, prospective 
clinical trial. Journal of periodontology, 76(3), 391-397. 
 
197 Barone, A., Rispoli, L., Vozza, I., Quaranta, A., & Covani, U. (2006). Immediate restoration 
of single implants placed immediately after tooth extraction. Journal of periodontology, 77(11), 
1914-1920. 
 
198 Romanos, G. E. (2004). Surgical and prosthetic concepts for predictable immediate loading of 
oral implants. Journal of the California dental association, 32(12), 991-1001. 
 
199 Szmukler‐Moncler, S., Piattelli, A., Favero, G. A., & Dubruille, J. H. (2000). Considerations 
preliminary to the application of early and immediate loading protocols in dental implantology. 
Clinical oral implants research, 11(1), 12-25. 
 
200 Elias, C. N., Rocha, F. A., Nascimento, A. L., & Coelho, P. G. (2012). Influence of implant 
shape, surface morphology, surgical technique and bone quality on the primary stability of dental 
implants. Journal of the mechanical behavior of biomedical materials, 16, 169-180. 
 
201 Friberg, B., Jemt, T., & Lekholm, U. (1991). Early failures in 4,641 consecutively placed 
Brånemark dental implants: a study from stage 1 surgery to the connection of completed 
prostheses. International Journal of Oral & Maxillofacial Implants, 6(2). 
 
202 Hämmerle, C. H. F., Schmid, J., Olah, A. J., & Lang, N. P. (1996). Influence of initial implant 
mobility on the integration of titanium implants. An experimental study in rabbits. Clinical oral 
implants research, 7(2), 120-127. 
 
203 Brunski, J. B. (1992). Biomechanical factors affecting the bone-dental implant interface. 
Clinical materials, 10(3), 153-201. 
 
204 O'Sullivan, D., Sennerby, L., & Meredith, N. (2004). Influence of implant taper on the 
primary and secondary stability of osseointegrated titanium implants. Clinical oral implants 
research, 15(4), 474-480. 
 
 63 
 
205 Engelke, W., Decco, O. A., Rau, M. J., Massoni, M. C. A., & Schwarzwäller, W. (2004). In 
vitro evaluation of horizontal implant micromovement in bone specimen with contact endoscopy. 
Implant dentistry, 13(1), 88-94. 
 
206 Trisi, P., Perfetti, G., Baldoni, E., Berardi, D., Colagiovanni, M., & Scogna, G. (2009). 
Implant micromotion is related to peak insertion torque and bone density. Clinical oral implants 
research, 20(5), 467-471. 
 
207 Jaffin, R. A., & Berman, C. L. (1991). The excessive loss of Branemark fixtures in type IV 
bone: a 5‐year analysis. Journal of periodontology, 62(1), 2-4. 
 
208 Bilhan, H., Bilmenoglu, C., Urgun, A. C., Ates, G., Bural, C., Cilingir, A., & Geckili, O. 
(2015). Comparison of the Primary Stability of Two Implant Designs in Two Different Bone 
Types: An In Vitro Study. International Journal of Oral & Maxillofacial Implants, 30(5). 
 
209 Jaffin, R. A., & Berman, C. L. (1991). The excessive loss of Branemark fixtures in type IV 
bone: a 5‐year analysis. Journal of periodontology, 62(1), 2-4. 
 
210 Farré-Pagès, N., Augé-Castro, M. L., Alaejos-Algarra, F., Mareque-Bueno, J., Ferrés-Padró, 
E., & Hernández-Alfaro, F. (2011). Relation between bone density and primary implant stability. 
Med Oral Patol Oral Cir Bucal, 16(1), e62-7. 
 
211 O'Sullivan, D., Sennerby, L., & Meredith, N. (2004). Influence of implant taper on the 
primary and secondary stability of osseointegrated titanium implants. Clinical oral implants 
research, 15(4), 474-480. 
 
212 Davies, J. E. (1998). Mechanisms of endosseous integration. International Journal of 
Prosthodontics, 11(5). 
 
213 Misch, C. E. (1999). Bone density: a key determinant for clinical success. Contemp. Implant 
Dent., 8, 109-118. 
 
214 Jaffin, R. A., & Berman, C. L. (1991). The excessive loss of Branemark fixtures in type IV 
bone: a 5‐year analysis. Journal of periodontology, 62(1), 2-4. 
 
215 O'Sullivan, D., Sennerby, L., & Meredith, N. (2004). Influence of implant taper on the 
primary and secondary stability of osseointegrated titanium implants. Clinical oral implants 
research, 15(4), 474-480. 
 
216 Szmukler‐Moncler, S., Piattelli, A., Favero, G. A., & Dubruille, J. H. (2000). Considerations 
preliminary to the application of early and immediate loading protocols in dental implantology. 
Clinical oral implants research, 11(1), 12-25. 
 
 64 
 
 
217 Rokn, A. R., Ghahroudi, A. R., Mesgarzadeh, A., Miremadi, A. A., & Yaghoobi, S. (2011). 
Evaluation of stability changes in tapered and parallel wall implants: a human clinical trial. 
Journal of dentistry (Tehran, Iran), 8(4), 186. 
 
218 Meredith, N., Books, K., Fribergs, B., Jemt, T., & Sennerby, L. (1997). Resonance frequency 
measurements of implant stability in viva. A cross‐sectional and longitudinal study of resonance 
frequency measurements on implants in the edentulous and partially dentate maxilla. Clinical 
oral implants research, 8(3), 226-233. 
 
 
